INTRODUCTION
The reduction or interruption of blood flow to the myocardium implies the limitation or cessation of oxygen and metabolic substrates to cardiomyocyte, with consequent functional, structural and metabolic diseases. The diversion of cellular aerobic metabolism to anaerobiosis leads to accumulation of intracellular ions and metabolites. The Ischemia promotes rapid depletion of cellular reserves of adenosine triphosphate (ATP) and creatine phosphate, leading to depression of contractile function and ATPdependent ion pumps [1] . The accumulation of Ca ++ and Na + in the cytosol, with concomitant loss of K+ to the extracellular environment, affects the membrane potential and transmembrane ion gradient.
These changes lead to accumulation of metabolites, cellular acidosis, increased osmotic load, the formation of reactive oxygen species and eventually to activation of enzymes sensitive to Ca ++ . In response, morphological changes may begin to occur. The activated proteases, especially by the sudden increase in the concentration of Ca ++ and free radicals, degrade the myofibrillar proteins of the cytoskeleton, while the lipases disrupted membranes, causing their rupture and cell death [2] .
The return of oxygen and nutrients causes the cytosolic Ca ++ , already elevated during ischemia, to increase further with reperfusion, due to the additional entry of these ion channels by voltage-gated Ca ++ . Besides these channels, Ca ++ also increases the cytosol, entering through the sarcolemma by the Na + / Ca ++ and also by the release of Ca ++ by sarcoplasmatic reticulum [3, 4] . Therefore, during ischemia/reperfusion, cardiomyocytes are exposed to a harmful sequence of events with two main components, namely: ischemia and reperfusion injury and data from the experimental study suggest that the damage caused by reperfusion is proportional to that caused by ischemia [5] . It is also known that involvement of the myocardium is not homogeneous throughout its length, with areas of greater or lesser involvement, depending on the duration and intensity of ischemia, or both. Thus, cardiomyocytes can be found in different states of reversible and irreversible damages [6] .
The reversible lesion is characterized functionally by complete restoration of myocardial function after normalization of blood flow. This myocardial dysfunction is reversible, and it may last hours or days, despite the restoration of blood flow. This type of damage may not result in changes of cell ultrastructure [7] . This is why the change of heart function is one of the earliest and most frequent clinical signs and hemodynamically perceived in most cases, avoiding the urgent need for histopathological studies on trans-and postoperative and clinical care of patients with myocardium ischemia.
Among the mechanisms and resources to protect against the degeneration of myocardial ischemia reperfusion has highlighted the special technique of ischemic preconditioning by Murry et al. [8] discovery in 1988, awarded the Nobel Prize for Medicine, demonstrating a significant reduction in the area of myocardial necrosis by a succession of short periods of myocardial ischemia and reperfusion prior to the continuous maintenance of coronary reperfusion.
Although capable of use in the prevention of induced lesions in surgical procedures involving percutaneous or direct surgery and periods of coronary occlusion, the surgical ischemic preconditioning may not be used in the vast majority of patients susceptible to coronary occlusions in environments outside hospitals or inside hospitals without cardiovascular surgical routine.
Special perspective now related to the pharmacological preconditioning started from the studies of Lindberg et al.
A perfusion cannula was introduced and secured in the ascending aorta, preventing injury to the aortic cups to ensure adequate coronary perfusion; then the left atrium was opened and a multiperforated cannula was inserted and externalized through the left ventricle apex. Finally, the pulmonary artery was opened at its origin to facilitate the drainage of the right ventricle. Following, the hearts were removed at a maximum of a 3-minute time after the procedure, and after 10-minute reperfusion, the multiperforated cannula was substituted by the catheter with balloon for the ventricular function control (Figure 1 ).
All hearts were reperfused with Krebs-Henseleit solution (aered/gassed with 95% O 2 and 5% CO 2 , at 37°C, using a modified, disposable Langendorff system, model São Francisco de Assis Truth is Jesus Cardiovascular Foundation disposable Langendorff modified system. ServCor, Comex Ind. & Com Ltda) ( Figure 2 ) with circulation system and water heating and telethermometer models (Braile Biomédica), biomonitor BESE®, and a matricial printer Epson®. After ten minutes of coronary reperfusion, the transventricular catheter was removed, and a pre-calibrated balloon catheter was introduced into the left ventricle.
[9], in 1986, demonstrating the inhibitory effect of the H + / K + pump in the parietal cells of the stomach to reduce the acidity of gastric juice and treatment of peptic ulcer. Later, other H + / K + pump inhibitors had been developed, including the lansoprazole, pantoprazole, rabeprazole and tenatoprazole [10] being the most frequent the prescription of omeprazole and pantoprazole.
Although they have been developed with the specific goal of therapy for treating gastric hyperacidity in recent years the proton pump inhibitors were associated with benefits in the treatment of angina pectoris and myocardial ischemia, including the fact that his administration has reduced the frequency of anginal attacks and electrocardiographic signs of myocardial ischemia during an exercise treadmill test in studies of coronary heart disease [11] [12] [13] . It was recently proposed and demonstrated the protective effect of omeprazole on induced myocardial ischemia in isolated rat hearts [14] , suggesting the effect of this drug by induced preconditioning.
Another particular aspect inherent to the clinical use of H + / K + pump inhibitor is the fact that pantoprazole has interactive reactions with less significant drug antagonism as proved with antiplatelet treatment suggesting their preferred choice in these circumstances.
However, there are still no specific experimental demonstrations showing the protective effect of pantoprazole in coronary ischemia-reperfusion nor his action and interference with the phenomenon of ischemic preconditioning of the myocardium.
The aim of the present study was to analyze the effects of pantoprazole in the protection of the functional recovery of isolated rat hearts subjected to ischemia-reperfusion with and without ischemic preconditioning.
METHODS
The study was approved by the local Institutional Ethics Committee and was conducted according to the guidelines for animal experimentation of the Brazilian College on Animal Experimentation (COBEA). It was studied the isolated hearts of 32 Wistar breed rats with 280 g mean body weight. After analgesia induced by sulphuric ether P.A spontaneous inhalation and anaesthesia by intraperitoneal injection of ketamine 10 mg and xylazine 2 mg. The animals underwent a wide-range median thoracotomy and 500 IU of heparin were regularly injected into the right atrium. For safety and quickness in the procedure preparation, the ascending aorta was isolated with the 3-wire technique [14, 15] . The first wire pulls and lifts the aortic root to protect the cusps and to prevent ventricular cannulation; the second wire pulls and lifts the cranial (superior) end of the ascending aorta; and the third wire is passed between the first two to tie off the aorta on the cannula after it was inserted. 
The eight hearts of Group I (GI) and Group II (GII) were submitted to 20-min ischemia and 30-min reperfusion. In GII heart's intracoronary injection of pantoprazole100 mg was done immediately before the 20 min ischemia period of induction. The eight hearts of Group III and Group IV were submitted to 5-min ischemia and 5-min reperfusion preconditioning before the 20-min ischemia induction In Group IV heart's intracoronary injection of pantoprazole 100 mcg was done immediately before the 20-min ischemia period of induction. In summary, Group I consisted of hearts without preconditioning and without pantoprazole; Group II without preconditioning and with pantoprazole; Group III with preconditioning and without pantoprazole; and Group IV with preconditioning and with pantoprazole.
The following parameters were registered after the 15-min stabilization period (t 0 ), and after a 30-minute period past coronary reperfusion was initiated (t 30 ): Heart Rate (HR/bpm), Coronary Flow (CoF ml/min), Systolic Pressure (SP mmHg), +dP/dt max and -dP/dt max . Kruskal-Wallis nonparametric statistical analysis (P<0.05) was used. All P values < 0.05 were considered statistically significant.
RESULTS
No differences (P>0.05) were found between groups regarding HR and CoF results ( Table 1 ). The SP, +dP/dt max , and -dP/dt m differences from t 0 /t 30 was significant (P<0.05) in all groups but regarding SP, +dP/dt max and -dP/dt max after the reperfusion period (t 30 ) differences (P<0.05) occurred between the results of Group I and Groups II, III and IV, with SP averages ranging from 139 (t 0 ) to 44 mmHg, 32% (t 30 ) in GI, from 134 to 87 mmHg, 65% in GII, from 132 to 86 mmHg, 65% in GIII and 132 to 96 mmHg, 73% in GIV the The +dP/dt max declined from 3365 mmHg.min -1 (t 0 ) to 1144 mmHg.min , 75% (t 30 ) in GIV (Table 2, Figure 3) . Differences in the SP, +dP/dt max , and -dP/dt max results between Groups II, III and IV were no significant. -dp/dt mmHg.min
DISCUSSION
In 1986, Parks & Granger [16] and Murry et al. [8] demonstrated by the first time that reperfusion can be more harmful than ischemia separately and the phenomenon of myocardial protection by the ischemic preconditioning with reduction of the myocardium ischemia-reperfusion injury in dogs. Yellon et al. [17] demonstrated that the ischemic preconditioning protection also occurs in the human myocardium which raised a great interest extending this study also to other organs. However, the surgical ischemic preconditioning may not be used in the vast majority of patients susceptible to coronary occlusions in environments outside hospitals or inside hospitals without cardiovascular surgical routine.
New horizons for myocardial protection have arisen with research on proton pump H + /K + performed by Lindberg et al. [9] , in 1986, and by Nagashima et al. [18] demonstrating, in 1994, the existence of the proton pump H + /K + ATPase in the myocardium as well. They studied their electrophysiological interference in the hearts of Guinea pigs [19] , motivating further research, such as the multicenter trials GUARDIA and ESCAMI. These trials have carefully analyzed inhibitors such as eniporide and cariporide -the proton pump Na + /H + blockers, emphasizing the protection against myocardial ischemia-reperfusion injuries, but with contrasting results and doubts about the prophylactic effect and indication of its therapeutic use [20] . More recently, Budzynski et al. [13] , in 2008, described the beneficial effects of omeprazole in the protection of anginal attacks and ischemic electrocardiographic changes during the exercise test in patients with coronary heart diseases. Moffatand & Karmazyn [21] , in 1993, demonstrated the possibility of pharmacological protection against degeneration of ischemia-reperfusion by inhibiting the Na + / H + ATPase proton pump. This was also confirmed in subsequent research with Na + / H + ATPase inhibitors and amiloride cariporida [22, 24] . In a recent study [14] , it was found a significant protection of omeprazole against ischemia-reperfusion in isolated rat hearts.
These results associate the benefits of omeprazole with the results reported by studies addressing myocardial protection with ischemic preconditioning [8, [25] [26] [27] [28] . The pharmacokinetics basis may be related to changes in transmembrane H + /K + gradients, the first markers of myocardial ischemia, responsible for the repolarization expressed in T-wave morphology of the electrocardiogram [29] . In 1998, the studies by Hotta et al. [30] in isolated hearts of Guinea pigs, using an analytic method for detecting fluorescent compounds, the fluorometry and magnetic resonance imaging, indeed confirmed the acute ionic intracellular changes of the myocardial ischemiareperfusion with changes in pH and concentrations of cytosolic Na + , H + , and Ca ++ , thus confirming the blockade and protection by omeprazole as well.
Harmful effects of proton pump inhibitors, Na + / H + ATPase, favoring respiratory failure [31] and stroke [32] provide important constraints for clinical use. It is also shown that among K + /H + ATPaseblocker proton pump inhibitors omeprazole has an effect more important than pantoprazole in the antiplatelet action of aspirin and clopidogrel drugs of wide clinical use in patients with cardiovascular diseases [33, 34] . However, there are still no specific experimental demonstrations showing the protective effect of pantoprazole in coronary ischemiareperfusion.
In the current investigation no differences (P>0.05) were found between groups regarding HR and CoF results. The SP, +dP/dtmax, and -dP/dtm differences from t 0 /t 30 was significant (P<0.05) in all groups but regarding SP, +dP/ dtmax and -dP/dtmax after the reperfusion period differences occurred between the results of Group I and Groups II, III, and IV with SP averages reduced to 32% in the 30 minutes of reperfusion (t30) following the ischemia period in the hearts of Group I. It reduced to 65% in GII; 65% in GIII and 73% at (t30) in GIV. The +dP/dtmax declined to 34% (t30) in GI; 60% (t30) in GII; 63% (t30) in GIII and 72% (t30) in GIV. The -dP/dtmax declined 28% (t30) in GI; 56% (t30) in GII; 67% (t30) in GIII, and 75% (t30) in GIV, without no significant differences (P<0.05) in the SP, +dP/ dtmax, and -dP/dtmax results between Groups II, III and IV.
Although with limited result's interpretation considering only one period of induced myocardium ischemia and only one sequence of the ischemia and reperfusion periods for the preconditioning induction, the isolated organ study with exclusion of the in situ body physiological responses; the possible different physiopathology responses of different animal species and mainly regarding the particularities of the clinical application in human beings, it was demonstrated in the present investigation that the pantoprazole administration before ischemia induction significantly protected the myocardium function recovery with similar results of the SP, +dP/dtmax and -dP/dtmax obtained with the ischemic preconditioning technique against the ischemia-reperfusion injury.
CONCLUSION
The pantoprazole administration before ischemia induction significantly protected the myocardium function recovery with similar results of the SP, +dP/dtmax and -dP/ dtmax obtained with the ischemic preconditioning technique against the ischemia-reperfusion injury.
